Ecotourism has been advocated and adopted widely to provide financial, political and local community support for conservation. We analyse its application for conservation of African big cats, through systematic analysis of 66 published studies over three decades, and on-site audit of 48 current conservation tourism enterprises. Conservation measures include: expanding and restoring habitat and reducing net habitat loss; anti-poaching patrols and programs; measures to combat illegal wildlife trade; improved livestock husbandry such as better fences and guard dogs; welldesigned livestock compensation and predator conservation incentive programs; and live-capture, veterinary services, captive breeding, and translocation and reintroduction programmes. Some tourism enterprises do contribute to conservation of African big cats, but others have negligible or negative net outcomes. Conservation outcomes depend critically on the detailed design of conservation programmes, community involvement, and tourism marketing.
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Here we analyse the mechanisms by which tourism contributes to conservation of lion (Panthera leo), leopard (Panthera pardus) and cheetah (Acinonyx jubatus), a small group of species which act as iconic tourism attractions at continental scale (Bond et al. 2004; Castley et al. 2013; Cousins et al. 2008; Dickman et al. 2011; Lindsey et al. 2007; 2012; Macdonald & Loveridge 2010; Nelson 2009; Okello 2005; Okello et al. 2008; Ripple et al. 2014) . Public and private wildlife reserves routinely reintroduce big cats, to attract tourists as well as to conserve cats (Buk & Marnewick 2010; Castley et al. 2001; Hayward et al. 2007; Hunter et al. 2007; Sims-Castley et al. 2005; Trinkel et al. 2008) . African big cats have also been the focus of a number of large-scale international conservation efforts (Balme et al. 2009; Dickman et al. 2011; Hazzah et al. 2009 Hazzah et al. , 2014 .
Because of the high profile of the African big cats in both tourism and conservation, these species provide a good opportunity to test the use of tourism as a conservation tool.
The conservation status of African big cats is severe (IUCN, 2015) . Populations of lion have fallen from a pre-European estimate of 400,000 (Joubert & Joubert 2011) , to around 20-30,000 (Bauer & Van Der Merwe 2004; Riggio et al. 2013) . There are only ten remaining genetically diverse subpopulations with over 1000 lions each (Riggio et al. 2013) , largely in protected areas Dubach et al. 2013; Henschel et al. 2014; Hunter et al. 2007 ). The remaining range of leopard has shrunk by up to 40%, and nearly 90% of remaining habitat is on private rangeland (Balme et al. 2009 (Balme et al. , 2010 Hayward et al. 2006; Swanepoel 2008) . Cheetah have lost over 75% of their historical range, and the total remaining population is below 10,000, mostly outside protected areas, with the largest subpopulation of ~2500 in Namibia (Buk & Marnewick 2010; Marker & Dickman 2004; Marker et al. 2003; Marker et al. 2008) . The population effects of range reduction are exacerbated by low genetic diversity in remaining populations (Buk & Marnewick 2010; O'Brien & Evermann 1988) .
All the African big cat species face similar threats (Winterbach et al. 2013) . Habitat loss is widespread, principally through conversion to rangeland, farmland or residential areas (Inskip & Zimmermann 2009; Nowell & Jackson 1996; Ripple et al. 2014) . Livestock owners, whether private or communal, industrial or subsistence, regularly kill predators (Balme et al. 2009; Frank et al. 2006; Kissui 2008; Lichtenfeld et al. 2014; Maclennan et al. 2009; Packer et al. 2013) .
Livestock grazing also reduces the abundance and availability of those native species that constitute the big cats' usual prey (Hayward & Kerley 2005; Hayward et al. 2006) . Organised poaching for international criminal trade in animal body parts is widespread (Macdonald & Loveridge 2010) .
Poaching may also occur at smaller scale to supply animal parts for traditional medical rituals (Simelane & Kerley 1998) . Some species, notably lions in the Maasai lands of southern Kenya and Page | 3 northern Tanzania, were hunted traditionally for cultural reasons. Individual animals are killed by commercial hunters, sometimes beyond local population capacities Buckley & Mossaz 2015; Lindsey et al. 2006 Lindsey et al. , 2012 .
Similar conservation threats, efforts and measures also apply for felines in other continents. These include: tiger (Panthera tigris), Gir lion, leopard and snow leopard (P. uncia) in Asia; jaguar and puma (P. onca, P. concolor) in the Americas, and Iberian lynx (Lynx pardinus) in Europe (Breitenmoser 1998; Buckley & Pabla 2012; Gubbi & Poornesha 2013; Inskip & Zimmermann 2009; Karanth & Chellam 2009; Li et al. 2013; Meena et al. 2014; Nowell & Jackson 1996; Sharma et al. 2014; Weber & Rabinowitz 1996; Wolfe et al. 2015; Zimmermann et al. 2005) .
For the African big cat species, the interactions between conservation threats, conservation efforts, and conservation tourism (Buckley, 2010a,b) are thus increasingly critical to their continuing survival. Here we examine how tourism contributes to conservation in the face of threats. We identify and classify the various mechanisms involved, by reviewing published studies and conducting on-site field audits. The former indicate the range of conservation mechanisms involved and their historical development. The latter demonstrate patterns in current adoption and practice.
We combine these two data sources to generate a menu of mechanisms for the effective use of tourism as a tool in conservation of these and other threatened species. We use the term ecotourism to refer to nature-based tourism which includes education, minimal-impact management, and some contribution to conservation (Buckley, 1994) , and conservation tourism to mean tourism which aims to generate a net gain for conservation, over and above negative impacts (Buckley 2010 a,b) .
To analyse published studies, we conducted a systematic search of past publications on tourism, conservation and African big cats, using Google Scholar® and Web of Science® for articles in English from 1981-2014, and forward and backward citation tracking. We coded these publications into research themes, adding and revising themes until saturation was reached, and analysed patterns amongst themes and publications using principal components analysis (Primer® Ver. 6.1.11). To analyse practices in the field, we conducted brief on-site audits following the approach reported by Buckley (2003 Buckley ( , 2010 . We also interviewed staff and stakeholders in person, by phone or by email, and searched for more detailed and updated information using project websites, blogs, marketing materials, and mass and social media.
Results
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We identified 66 publications that focussed on conservation management of African big cats and included the role of tourism. Coding yielded 12 themes, reflecting the scale of analysis, ecological outcomes, social aspects, tourist attitudes, and policy and management measures. The 66 publications, and the 12 coded research themes, are listed in Supplementary Table 1 . Eighteen of these 66 studies, summarised in Table 1 , present detailed information on conservation measures and mechanisms. Of the 66 published studies, 75% considered lion, 48% leopard and 42% cheetah. One third were from South Africa; 85% were published since 2006; 45% used timeframes <2 years; 55% used social-science methods; 29% reported experimental ecological studies. Those addressing social aspects considered a wider range of issues than those investigating biological aspects (chisquare = 56.03, P<0.01). Human-felid conflicts (44%) and livestock compensation schemes (12%) were heavily studied. Only one publication mentioned the negative ecological impacts of tourism.
Ecotourism (38%) and trophy hunting (32%) were equally favoured as tools for conservation. Of those recommending ecotourism, 24% (6/25) noted the importance of big cats in attracting international visitors, and 36% (9/25) Ecotourism is also associated with changes in tourist attitudes (-0.42).
We conducted onsite field audits and interviews at 48 sites in six countries, operated by 13 tourism operators and NGO's: African Parks, &Beyond (18 sites), Great Plains Conservation (5 sites Field audits identified an extensive set of mechanisms by which tourism enterprises run by private firms, local communities and NGO's contribute in practice to the conservation of lion, leopard and cheetah. These mechanisms are summarised in Table 2 , which also cross-references previous Page | 5 published studies. The main measures are: securing, expanding and improving habitat areas; expanding anti-poaching patrols and programs; combating illegal wildlife trade; improving livestock husbandry using better fences and guard dogs; well-designed livestock compensation schemes and predator conservation incentives; and live-capture, veterinary services, captive breeding, and translocation and reintroduction programmes.
The mechanisms referred to most frequently in previous publications were first, economic incentives for private landowners to tolerate predators despite livestock losses; and second, logistic support for reintroduction programs, including monitoring. Less frequently mentioned mechanisms included: establishment of private or communal reserves; conservation management of public land on concessions; creation of corridors linking sub-populations, e.g. by removing fences; translocations to improve genetic diversity; and funding for anti-poaching patrols. The principal approaches adopted at the sites audited in person, however, were first, protection of habitat through establishment of concessions, conservation leases and private reserves; second, active anti-poaching measures such as patrols, snare buyback schemes, and monitoring and surveillance; and third, various translocation, semi-captive breeding, and field veterinary services.
For livestock compensation programs, key components include: payment at accurate market value for individual animals, assessed locally by an unbiased process; rapid payment, once a right to compensation is determined; and reductions in payments from contributory negligence through poor livestock management, such as failing to bring individual animals into a guarded boma (stockade) at night. For anti-poaching patrols, technological support such as the use of surveillance drones and night vision goggles is increasingly widespread. Good relations with local communities whose members can rapidly report any incursions, however, also remains critical. Equally significant is the legal basis under which anti-poaching personnel operate: for example, whether they are empowered to pursue suspected poachers outside their own boundaries, whether they are have the authority to make arrests, and when they are permitted to use firearms. For translocation programs, live-capture, veterinary, transport and soft-release techniques have evolved greatly over recent years, with a corps of practical knowledge and experience adapted for different species, leading to successful translocations across international borders with no losses.
The measures adopted depend on the scale and structure of the tourism operations involved. Larger businesses, sometimes in cooperation or partnership, devote more resources to cross-border approaches. Smaller operators necessarily focus their efforts at local scale. Conservancies and concessions managed by tourism companies, trusts and NGO's have converted tens of thousands of Page | 6 square kilometres to conservation, and manage those areas actively to protect threatened species, including big cats. Acting together, they have expanded the scope of public protected areas, removed fences between adjacent reserves, and created corridors to link subpopulations.
Discussion
Results presented above indicate that at regional scale, there are indeed many mechanisms by which tourism makes substantial and significant contributions to conservation of African big cats. These contributions occur across all land tenures (Table 3) . At some sites, these contributions are net positive at local scale. They are closely cross-linked to contributions from government agencies, donors and NGOs. These linkages differ among sites, and have been little studied (Lindsey et al. 2009 (Lindsey et al. , 2013 van Wijk et al. 2015) .
For any of these measures to make a significant contribution to conservation requires adequate scale and population numbers, and appropriate management to minimise negative impacts (Balme et al. 2009; Geldmann et al. 2013; Hayward et al. 2012; Lindsey et al. 2006 Lindsey et al. , 2009 Lindsey et al. , 2012 Lindsey et al. , 2013 . At metapopulation level, conservation of big cats requires landscape-level approaches incorporating the establishment of protected areas on private and communal land, the management of public land on concessions, the removal of fences in conservancies, and the creation of corridors linking subpopulations Lindsey et al. 2013; Packer et al. 2013) .
As a result, whilst some tourism operations involving big cats do contribute to conservation, others do not (Balme et al. 2010; Cousins et al. 2008; Hayward et al. 2007; Hunter et al. 2007 ). Examples of those which do not include: reintroductions to small private reserves, too fragmented to improve genetic diversity; tourism products which involve close interactions between big cats and tourists;
and farms which breed big cats for semi-captive hunting (Druce et al. 2004; Hayward et al. 2007; Hazzah et al. 2014; Hunter et al. 2012; Lindsey et al. 2012; Marker et al. 2008; Romañach et al. 2010; .
A critical component for many of the more successful initiatives is the involvement of local communities. This may involve employment opportunities, livestock compensation programs, and changes to cultural perceptions (Carlisle 2007; Funston et al. 2013; Goldman et al. 2013; Gusset et al. 2009; Hazzah et al. 2009 Hazzah et al. , 2014 Hemson et al. 2009; Lindsey et al. 2005; Nelson 2009; Romañach et al. 2010; Snyman 2012) . Early compensation schemes yielded limited success, because of poor design, poor implementation, or because cultural values were more important than Page | 7 money (Goldman et al. 2010; Kgathi et al. 2012) , but more recent programs have learned from these lessons (Lichtenfeld et al. 2014) .
Conclusions
We conclude that commercial conservation tourism can indeed make valuable contributions to conservation of African big cats, especially in conjunction with public protected areas and other conservation approaches. The drivers, mechanisms and outcomes of commercial conservation tourism efforts thus merit further research. Priorities for such research may be considered in three categories: ecological, social and economic. The principal ecological research priority is to quantify the aggregate contribution of all these private-sector approaches, using measures that are meaningful for threatened species conservation. Possible approaches include population viability analysis, population accounting , or surrogate indicators such as area of habitat, numbers of individuals translocated, and anti-poaching investments (Dalerum et al. 2008) .
As metapopulation management becomes increasingly widespread, ecological research on range, diet, movement, and genetics of individual subpopulations, will become increasingly critical.
From a social perspective, the cultural concerns of local communities regarding livelihoods, tourism and wildlife, all affect the success of conservation tourism (Carlisle 2007; Dickman et al. 2011; Hemson et al. 2009; Goldman et al. 2013; Okello 2005) . Research on these factors, including those that are partially hidden, remains a strong priority. From an economic perspective, all conservation tourism efforts and enterprises depend on commercial viability. This depends in turn on both legal and market factors. Legal factors include the rights associated with different types of land tenure and associated wildlife (Cousins et al. 2008; Lindsey et al. 2009a; Lindsey et al. 2013; Okello 2005; Sims-Castley et al. 2005) . Market factors include the willingness of tourists to pay for premium products that contribute to conservation, and the factors that lead travel agents to book clients with conservation tourism operators specifically.
Conservation tourism can be effective, for African big cats as for other species. It is complex, however, because it requires successful integration of ecological, social, legal and market factors, all of which differ among sites and vary between years and seasons. Tourism operators, parks and wildlife agencies, local communities and NGOs continually adopt and trial new approaches, and researchers can contribute by reporting, analysing and communicating information on approaches and outcomes. Lessons learned from Africa may well prove applicable in other continents.
